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ILEUS TREATMENT METHOD 

5 Field of the Invention 

The present invention relates to a method of treating postoperative ileus. 
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Background of the Invention 

Inhibition of intestinal motility, especially colonic motility, is a major complication of abdominal 
surgery. The condition, termed post-operative ileus, delays the normal resumption of food intake after 
surgery and often leads to prolonged hospitalization. 
5 Mast cells are pro-inflammatory cells that are normally present in the wall of the intestine. 

Manipulation of intestine and intestinal inflammation are accompanied by influx and degranulation of 
mast cells in the wall of the intestine (Vermillion). Mast cell tryptase and chymase are proteases that 
- account for 25% of the total protein of mast cells .(Caughey , et al. y 1993; Caughey, 1995). They are 

released from mast cells upon degranulation within the wall, of the colon. 
10 Heretofore, postoperative ileus has been treated, in extreme cases, with surgical intervention 

to unblock the colon. Ileus may also be treated with drugs that act to increase colonic : motility, such 
as Leul3^motilin and prostaglandin F2 alpha. However,, these approaches have generally been 
ineffective in significantly reducing the period of postoperative ileus and, its complications. It would 
" therefore be useful to provide a more effective methqdof treating post-operative ileus, in particular, to 
15 accelerate recovery time following colonic surgery. • : . . 

* Summary of the Invention : ; ,, ; 

The present invention is directed to a method of treating or preventing post-operative ileus in 
a mammalian subject. The method includes administering *to the subject, a pharmaceutical^ effective 
20 amount of a compound that is effective in (i) preventing mast cell degranulation, (ii), inhibiting tryptase 
and chymase, or (iii) antagonizing PAR-2. ; , ;< 

The treatment vis based on the discoveries that proteinase-activated receptor 2 is expressed in , 
colonic muscle cells, and that activation of PAR-2 inhibits colonic motility. The PAR-2 receptor is 
activated, at least in part, by tryptase and chymase, produced by infiltration and degranulation of mast 
■ 25 * cells.' ,J : • ■- ,* r. : ■ . ... ■ r . :- 

For preventing mast cell degranulation, the compound is preferably cromolyn,, doxoantrazole, 
quercetin, tranilast, ketotifen, tiacrilast, azelastine, lodoxamide, mepyramine, picumast, or water-soluble 
constituents of the Ginkgo bilpba episperm. 

• For inhibiting tryptase, the compound is preferably leech-derived tryptase inhibitor, APC-366, 
30 and BAB1M and related amidines, TLGK, GMCHA-Ophbut, or a dipeptide tryptase inhibitor. 

For inhibiting chymase, the compound is preferably, chymostatin, chymostatin analogues, 
antichymotrypsin. ' i : v 

: For antagonizing PAR-2, the compound is one capable of inhibiting the. mobilization of Ca +2 
in cells transfected with the PAR-2 gene, and stimulated by trypsin or activating peptide (SLIGKVD- 
35 NH 2 and SLIGllL-N^, for human and murine PAR-2, respectively). 
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Where the treatment compound is a polypeptide, such as leech-derived tryptase inhibitor, 
chymostatin, chymostatin analogues, and ar-1-antichymotrypsin, the compound may be delivered by 
orally administering a DNA construct capable of transfecting colonic cells, and expressing the 
polypeptide in the colonic cells. 

5 For orally active compounds, such as cromolyn, doxoantrazole, quercetin, tranilast, ketotifen, 

tiacrilast, azelastine, lodoxamide, mepyramine, picumast, water-soluble constituents of the Ginkgo biloba 
epispenn, APC-366, BABIM and related amidines, TLCK, and GMCH A-Ophbut , the compound is 
preferably administered orally. Alternatively, the compound may be administered by parenteral route, 
such as intraperitoneally of intravenously. 

10 ~ In another aspect, the invention includes a method of identifying compound candidates for use 
in treating post-operative ileus. The method includes screening' test compounds for their ability to 
inhibit the mobilization of Ca +2 in cells transfected with the PAR-2 gene, when the cells are stimulated 
by trypsin or activating peptide ((SLIGKVD-NH 2 . or SLIGRL-NH 2 ), and selecting the compound as a 

• candidate for the treatment if significant inhibition of Ca 42 mobilization in the cells, when compared 

15 with activated cells in the absence of the compound, is observed. 

These and other objects and features of the invention will become more fully apparent when the 
following detailed description of the invention is read in conjunction .with the accompanying drawings. 

' Brief Description of the Drawings 

20 Fig. 1 shows the mechanism* of post-surgical ileus; illustrating the points of drug, targeting in 

accordance with the invention; 

Fig.' 2 'shows the effect of trypsin (left panels) and AP (right panels) on spontaneous contraction 

of strips of rat colon, where the traces are from individual strips , but are representative pf experiments 

oh strips from at least 4 rats; and - 
25 Fig. 3 shows the transit times in mice with cecal manipulation (solid bars) in control and 

ketotifen-treated animals. : 

Detailed Description of the Invention 

1 ' 4 ' The present invention for treating cr preventing post-operative ileus is based on the discoveries 
30 herein that (i) proteinase -activated receptor 2 is expressed in colonic muscle cells, and (ii) activation of 
PAR-2 inhibits colonic motility, as detailed in Section I below. 

Fig. 1 shows the mechanism of post-surgical ileus determined from the studies described above. 
As shown, abdominal surgery (step I) and intestinal manipulation (step 2) causes infiltration and 
degranulation of mast cells (7) at colonic sites, with release (step 3) of tryptase and chymase. Both 
35 enzymes are capable of specifically cleaving (step 4) PAR-2 on colonic cells (6), releasing the N- 

3 
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terminal SLIGRL peptide agonist of PAR-2 (step 5) on colonic- cells. This activation, in turn, results 
in loss of colonic cell motility. 1 

The treatment method for post-operative ileus, described in Section II, involves blocking the 
chain of events between mast-cell infiltration and PAR-2 activation by administering to a compound 
5 effective in (i) preventing mast cell degranulation, (ii) inhibiting tryptase and chymase released by mast- 
cell degranulation, or (iii) antagonizing PAR-2, to prevent its activation by tryptase or chymase. 

I. Mechanism of Loss of Colonic Motility : :■ ' ■ I . 

This section describes studies showing that (i) PAR-2 "is localized on colonic cells, (ii) is 
0 activated by mast-cell proteinases, e.g., tryptase, and (iii) activation "of PAR-2 on colonic cells leads to 
loss of colon cell motility. 4 

' 1. Localization- of PAR-2 in Colonic Myocytes -...» 

The proteinase-activated receptor-2 (PAR-2) belongs to family of G-protein coupled receptors, 

15 and is activated by specific proteolytic cleavage of its extracellular amino terminus (Nystedt); yielding 
the amino terminus peptide SLIGRL or SLIGKVD for murine and human PAR-2, respectively 
(Blackhart, et aL, 1996) which functions as a PAR-2 receptor agonist. Studies conducted in support 

'" •* of the present invention, ahd discussed in subsections A1 L A3 below, show that PAR-2 is- highly 
expressed in smooth muscle in the colon. • * " : : ■'•"{• ; » .. . 

20 ; : " ■ " * 5; " : *• • : * « : ■ -v •-• • • • .-: 

a. Localization of PAR-2 in Tissue Sections : Methods for localizing PAR-2 in tissue 
sections, by indirect immunofluorescence, are given in Example 1. Briefly, PAR-2 was localized in 
sections of rat colon and in cultured myocytes using antisera to different epitopes, with similar results 
being obtained with each antiserum. Imrfmnoreactive PAR-2 was prominently localized to the plasma 

25 membrane of muscle cells in the circular and longitudinal muscle and the muscularis mucosa. PAR-2 
was also detected in colohocytes, especially in the apical regions of cells. Cultured : myocytes 
stained for smooth muscle actin, and thus retain their smooth muscle characteristics. PAR-2 was 
detected at the plasma membrane and in vesicles of cultured myocytes. Staining of tissues and cells was 
abolished by preabsorption of the primary antisera with 1-10 /iM'of the receptor fragments used for 

30 immunization.' ■' 1 - * « - •.■■»• , •. . 

''*'-• Ab. PAR-2 is Expressed by Myocytes , The expression of PAR-2 mRN A in cultured 

' myocytes was examined by RT-PCR, as detailed in iExample 2. The study used two rat cell lines 
(KNRK and hBRl£ 380 cells) as positive- controls that are'knbwn to express PAR-2, and one human cell 
35 line (A549) as a negative control that also expresses PAR-2. A PCR product of the predicted 921 kb 
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was amplified using RNA from myocytes, KNRK cells and hBRIE 380 cells, but not from A549 cells. 
Amplification products from myocytes, KNRK cells and hBRJE 380 cells hybridized with a probe to 
rat PAR-2, confirming the identity of the amplified fragment as PAR-2. 

5 Ac^ Ca 2 * Mobilization bv Colonic Myocytes . The activation of PAR-2 in myocytes 

was assessed by measuring Ca 2 + . mobilization, as described in Example 3. Trypsin and AP 
(SLIGRL-NH 2 ) stimulated a prompt increase in [Ca 2+ L . Trypsin (EC 50 ~ 1 nM) was 1 ,000-fold more 
potent than AP (EC 50 ~ 1 fiM), although trypsin and AP had the same efficacy. There was no Ca 2+ 
: response to 1 nM trypsin that was pre-incubated with 10 mg/ml SBTI for 60 min at 37°C before assay, 
10 and RP had no effect on [Ca 2+ ]|. 

Tryptase stimulated a rapid increase in [Ca 2+ ] } . Tryptase (EC 50 — 100 nM) was 100-fold less 
potent than trypsin (EC 50 — 1 nM), but was similarly efficacious. There was no Ca 2+ response to 40 
nM tryptase that was pre-incubated with I jiM of BABIM, & selective and potent tryptase inhibitor, or 
with 1 /iM leupeptin, a serine protease i:ihibitor ? for 5.min at room temperature before assay. Thus, the 
15 effect of tryptase depends on its enzymatic activity. .. . .» 

Degranulation of HMC-1 cells (human mast cell line) .with substance P was induced, and a 
. ?• filtrate for Ca 2 + responses in myocytes: was assessed, to determine if mast cells release proteases that 
cleave and activate PAR-2. In preliminary experiments, it was verified that 100 fiM substance P did not 
stimulate Ca 2+ mobilization in myocytes (not shown). The HMC-1 mast cell filtrate stimulated a large 
20 increase in [Ca 2+ ]j in myocytes (Fig. 5). The response was inhibited by 46.5±1% by BABIM and 
. 46.5 ±4% by !eupeptin, and is thus dependent to a large extent on tryptase. , 

. 2 > Mast-Cell Proteinase Activation of PA R-2 . . , . t . . ...... 

In further studies conducted in support of the invention, and -detailed in Example 4, it was 

25 shown that the responses of myocytes to trypsin, tryptase and AP were mediated by PAR-2. The effect 
of trypsin on [Ca 2+ ] s in myocytes was reproduced by a peptide, corresponding to the tethered ligand of 
PAR-2. Mast cell tryptase stimulated Ca 2 + mobilization in myocytes with a similar efficacy but reduced 
potency compared, to trypsin. The Ca 2+ response to tryptase in myocytes was abolished by 
desensitization of PAR-2 with trypsin, - . 

30 The results indicate that mast cells release tryptase upon degranulation, which regulates 

myocytes in a paracrine manner by cleaving and activating PAR-2. A filtrate of the degranulated cells 
stimulated Ca 2+ mobilization in myocytes, which was inhibited by -50% by the tryptase inhibitor 
BABIM, and is thus attributable in large part to^ tryptase. A filtrate of degranulated mast. cells also 
stimulates Ca 2+ mobilization in transfected cells expressing PAR-2, but not in non-transfected control 

35 cells. . . , ' - - 
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3. Effects of PAR-2 Agonists on Colonic Motility 
j The results discussed above indicate that colonic muscle expresses PAR-2 and that trypsin, AP 

and tryptase activate PAR-2 on myocytes. The functional consequences, of PAR-2 activation were 
5 examined by measuring motility of muscle strips, as detailed in Example 5. Ninety two percent of colon 
strips (mucosa plus muscle) were spontaneously active. The frequency of. contraction was 
3.7±0.15/min, the mean amplitude was 1.8±0.2 g, and the maximal amplitude was 2.5 g. Activation 
-of PAR-2 with trypsin and AP caused a concentration-dependent reduction in the mean amplitude of 
: spontaneous contractions. The threshold for inhibition was 300 nM for trypsin and 3 jxM for AP (Fig. 
10 1). Trypsin (EC 50 -500 nM) was 10-fold more potent than,. AP (EC^ -5 fiM). The highest 
concentration of trypsin (3 ptM) inhibited the mean amplitude by 60%, and the highest concentration of 
AP (30 fiM) inhibited the mean amplitude by 49%, indicating that trypsin is slightly more efficacious 
than AP. Trypsin (1 /xM) inhibited motility after a delay of 31 +5 s t whereas inhibition by AP occurred 
.after a delay of 15 ±3 s. When tissues were exposed to 1 trypsin or 100 nM AP for 5 min, and 
15 then washed extensively, spontaneous activity did not fiullyrecover to basal levels even 6 h after trypsin, 
whereas activity recovered 5.4 + 0.34 min after AP. Application of tryptase to . the organ bath at 
concentrations of up to 90 nM did hot alter the amplitude of spontaneous contractions, The reason for 
the lack of inhibition by tryptase is not known, but may be related to! its slow rate of diffusion in tissues 
and difficulties in obtaining sufficiently large amounts* of tryptase. . 
20 Antagonists of various signaling pathways .were used to investigate, the mechanism by which 

PAR-2 activation inhibited spontaneous contractions of. the colon. Activation . of . PAR-2 stimulates 
arachidonic acid release and secretion of PGE2 from enterocytes, and the effects of . PAR-2 agonists on 
. gastric muscle are blocked with indomethacin. Although, 30 nM PGEj . inhibited colonic motility, 
pre- incubation of tissues with 1 jxM indomethacin (cyclooxygenase inhibitor) for. 15. min had no effect 
25 on the response to trypsin and AP. Nitric oxide, which is .generated in neurons and muscle cells in the 
. intestine, is an established inhibitor of colonic motility v and the inhibitory effects, of PAR-2 agonists on 
contraction of vascular smooth muscle is mediated by nitric oxide from the endothelium. Although 1 
fxM sodium nitroprusside (nitric oxide donor) inhibited colonic motility, pre-incubation of tissues with 
100 L-NAME (L-N G -nitro arginine methyl ester, inhibitor of nitric oxide synthase) for 15 min, did 
30 not prevent the' effects of trypsin and AP (Fig. 9). Trypsin may cleave tissue kininogens to generate 
kinins, which could inhibit colonic motility. When colonic strips were exposed to 100 nM bradykinin, 
there was a marked inhibition of spontaneous contractions, that was abolished by pre-incubation with 100 
nM HOEf l40 (B 2 receptor antagonist) for S.min. However, 5 HOE-140 had no effect on the inhibition 
of colonic motility by trypsin and AP. 
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Colonic strips were treated with tetrodotoxin (which blocks neuronal Na+ channels) to assess 
the role of neurotransmission in the inhibitory effects of PAR-2 agonists. Treatment with 1 fiM 
tetrodotoxin resulted in an immediate and sustained increase in the amplitude and frequency of 
contractions. However, both trypsin and AP inhibited this elevated motility of tetrodotoxin-treated 
5 tissues. The mucosa from colonic strips were stripped to determine if the effects of PAR-2 agonists on 
motility were due to an indirect action on the mucosa. Removal of the mucosa diminished the 
spontaneous activity of the colon, so that only 65% of muscle strips were spontaneously active. The 
frequency of contraction of spontaneously active strips was 1.5±0.2/min, the mean amplitude was 

I. 2±0.2g and the maximal amplitude was 2.3 g. However, both trypsin and AP inhibited spontaneous 
0 contractions of colonic strips in the absence of the mucosa. 

II. Treatment Method *■ ' .... . : . .,*..>.. 

1 ' '■■ The method of the invention is aimed at blocking the events leading to post-operative ileus, as 
'outlihed'in Fig. 1. In practicing the method, a compound capable of blocking the pathway from mast- 
15 Tell infiltration to PAR-2 activation is administered to a subject undergoing abdominal surgery, either 
pre-operatively or post-operatively. : r * ; ■■•■:.:» 

•* r - ' The dose of compoundadmihistered is a pharmaceutical^ effective amount, as determined, for 
example; from animal model studies- Dosage levels for many of the compounds useful in the treatment 
method are known from pharmaceutical 1 references and/or from- published articles, such as those cited, 
20 and detailed below. The dose can be maintained in a post-operative patient by continue oral 
1 : admiriistration* of'IV drip until colonic motility is restored, as evidenced, for example, by easing of 
abdominal cramping and obstruction: 1 ■•";■:.» 

* The compound is preferably^ administered orally, in the case ot an orally active compound. For 
compounds, e.g., polypeptides,' that' are susceptible to breakdown in the GI tract, administration may 
25 be by intraperitoneal injection, -intravenous injection, or other parenteral route, e.g., inhalation. 
: : Alternatively, where the compound to be administered is a polypeptide, administering the 

compound includes orally administering a ; DNA construct capable of transfecting colonic cells, and 
expressing the polypeptide in the tfahsfected cells. Methods for preparing vectors and deliver}' systems 
suitable for oral administration are detailed, for example, in PCT application WO96/20732, published 
30 July 11, 1996, and in PCT application WO 9640954, published December 19, 1996. Both applications 
; are incorporated herein by reference; Delivery of the DNA construct to cells of the colon can be by 
way of viral delivery , e.g. , an adeho-associated viral vector, or by way of a non-biological carrier, e.g. , 
catioriic lipids, such as disclosed in U.S. Patent No. 5,527,928, which is incorporated herein by 
reference. . * v 
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Exemplary polypeptides for delivery via oral gene therapy include chymostatin, chymostatin 
analogues, arid ar-l-antichymotrypsin, and peptide inhibitors or tryptase. Coding sequences for these 
polypeptides can be obtained from standard literature and sequence^database resources. 

Below are discussed the four classes of compounds useful in the treatment method. 
5 ' - i 

1. Compounds that Inhibit Mast Cell Degranulation . >■.• • . • ' t 
* A variety of compounds are known to inhibit mast cell degranulation; Of these, cromolyn 

(cromolyn sodium or disodium cromoglycate>has been widely studied. Typical doses are 0.5-25 mg/kg 
per day administered IV, or up to 50 mg/kg/day oral administration {e.g., Harmon). 
10 C48/40 (Tabuchi), may be administered at a dosage range of typically 0.5 to 5 mg/kg IV, 

subcutaneous, or oral (higher db'ses for oral administration). ■ 1 

Oxatomide is an orally active compound which inhibits mast cell degranulation (Richards). The 
drug is administered preferably orally at a dose of between 60-120 mg for adults, e-g. - 4 30 mg after 
breakfast and 30 mg after dinner. For children, a suitable oral does is about 0.5 mg/kg twice a day. 
15 Other representative compounds effective against mast cell degranulation are the following, 

along with recommended dosages. Quercit in is an anti-inflammatory agent which is used at an oral does 
or 1-5 mg/kg at the oral route 'and up to 5-25 mg/kg. Tf anil ast can be administered at a doses of 30- 
100 mg/kg p.b or 3-10 mg/kg IV. A suitable does of ketotifen J is 0.25 to 5 mg/kg IV, 0.5 to 5 mg/kg 
or oral administration, or 5-^30 rrig/kg i:p. A suitable' dose of tiacrilast is 0.5 to 1 5 mg/kg IV or 
20 subcutaneous. Azelastine cian be administered at a dose of l-10 rng/kg oral administration. Lodoxarhine 
at a dosage of 0.01 to 20 mg/kg, preferably 1-5 mg/kg, when administered iv, and oral about 10 mg/kg. 
Mepyramine at a dose of about 0:2 to 2 mg/kg, preferably about 0.5 mg/kg, is effective. Picumast can 
be administered at a dose 1-10 mg/kg. Finally, ginkgo biloba extract at a dose of 100-200 mg/kg oral 
administration. The above dosages ' represent daily administration levels. Example 8 illustrates the 
25 treatment of surgically induced ileus by oral administration of ketotifen. * 

Also useful are compounds in' a class of bis amino, guanidino, and amindino compounds 
disclosed in PCT patent application WO 95US/11814> which is' incorporated herein by reference. 
Example 

30 2. Compounds that Inhibit Tryptase " ■- ; " : * ■ 

TLCK (tosyl-L-lysine chlororhethylketone) is a tryptase inhibitor (Gruber). The compound can 
be prepared for oral administration at a dose of preferably between 5-50 mg/kg. 

4 GMCHA-OPhBut (trans-4-guanidinomethy Icy clohexane-carboxy 1 ic acid 4-tert buty lpheny 1 ester 
is known to irthibit tryptase activity; at concentrations of 1-100 /xM. Thus, IV'or oral administration 
35 of drug at dosage levels effective to achieve this concentration are suitable (Takei). 
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Another tryptase inhibitor is leech-derived tryptase inhibitor, described, for example, by 
■ Auerswald, et al. (1994). . The material can be made recombinant^, using ; reported sequences 
(Auerswald, et aL, 1994; Pohlig). Administration would preferably be by intravenous or intraperitoneal 
routes, at doses in the range 1-25 mg/kg as needed. . Oral administration is a suitable protected 
5 formulation designed for release into the colon would also be effective, as would gene therapeutic 
expression and release as discussed above. 

Another tryptase inhibitor, APC-266 (N-(l-hydroxy-2-naphthoyl0-L-arginyl-L-prolinamide HC1 
(Clark, et al., 1995) can be administered parenterally or orally at a does of preferably between 5-30 
mg/kg. BAB1M (bis(5-amidino-2-benzimidazolyl) methane) at similar .doses is also effective. in the 
10 treatment method of the invention. « 

Also useful in the treatment method are dipeptide tryptc.se inhibitors of the type described in 
U.S. Patent No. 5,525,623, and in PCT applications WO 95US/6926 and WO 94US/2706, which are 
incorporated herein by reference. \ 

• . . . i ... * » . . > . 

r • ,« - • . • * _ * f i • . l .* ■ * :* > . , f - ' ■ 

15. . 3;;. Compounds that Inhibit Cbvmase 

< Two peptide ehymase inhibitors are ct 1 -antitrypsin and ^l-antiphymptrypsin (Harvima). The 

- peptides can be produced by recombinant methods, and administered parenterally, e.g., by IV or 
intraperitoneal administration, at dosages in the range 1-20 mg/kg; as needed. Oral administration would 
be suitable by formulating the peptide in, a suitable protected formulation designed for release into the 
20. colon, as would therapeutic expression and release as (discussed above. 

. • Cbymostatin, a small peptide inhibitor of ehymase, can be administered IV ,or intrap^ritoneally 
at doses in the range 5-25 mg/kg. Also, contemplated are a variety of chymostatin analogues, such as 
. described by Galpin, Grinde, and . TonrJc.ins.qn. , , : - - ......... 

Also useful in the treatment method of the invention are pyrimidine and pyridine 1-acetamide 
25 ehymase inhibitors of the type described in PCT application WO 96JP/1171; 4-sulphinyl triazine 
derivatives as disclosed in EPO application* EP 713876; and imidazoline, compounds, as disclosed in 
PCT application WO 95JP1485, all incorporated herein by reference. 4 

4. Antagonists of PAR-2 
30 In still another aspect, the treatment compound is one capable of inhibiting the mobilization of 

Ca +2 ,in cells transfected with the PAR-2 gene, and stimulated by trypsin or activating peptide (e.g., 
SLIGKVD-NH, or SLIGRL-NH 2 ). ... 

Suitable compounds may be identified by a screening method carried out in accordance with the 
invention. In this method, cells transfected with the PAR-2 gene, such as the transfected KNRK cells 
35 described in Example 6, are activated with a PAR : 2 receptor agonist, such as trypsin, ehymase, or the 
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activating peptide SLIGRL-NH ? in the presence of the eompound(s) being tested for antagonist activity. 
. The PAR-2 activity response can. be measured by the cells ability to mobilize Ca 2+ ,. following the 
method detailed in Example 7. 

A variety of libraries of compounds may be tested in the method, including any of a number 
5 of known small-molecule combinatorial libraries, e.g., as described by Armstrong and Bunin. Peptide 
libraries, e.g., hexamer libraries that are combinatorial in one or more of the residues of the SLIGRL 
activating peptide are also suitable. 7 - - • ! 

In practice; the transfected cells and test compound(s) are incubated for a period sufficient to 
allow binding to the PAR-2 receptor. The test compound may be an individual compound or multiple 
10 compounds, e.g., the members of a combinatorial library. Agonist, e.g., tryptase or the activating 
peptide is thein added and the cells assayed for their ability to mobilize Ca* 2 , as determined, for 
example, by the method disclosed in Example 7;< Test compounds that show an ability tosignificantly 
inhibit Ca +2 mobilization in< response to PAR-2 activation are. considered candidates for use in the 
treatment method of the invention, and can be further characterized by their ability to bind; the PAR-2 
15 receptor, and to stimulate colonic cell motility in animal models of bowel inflammation. . ; 

The following examples are intended to illustrate, but in no way limit, the invention. 

- f ' - . : - Example 1. • * 

20 Localization of PARr2 in Tissue Sections . ;, 

Rats were transcardially perfused with 4% paraformaldehyde in 100 mM phosphate buffered 
saline, pH 7.4 and 10 >m frozen sections were prepared. Colonic myocytes were .fixed in 4% 
■•' paraformaldehyde for' 20 min { at 4°C. PAR-2 was localized' by indirect immunofluorescence, as 
described, using polyclonal antisera raised in rabbits to synthetic fragments of PAR-2 coupled to keyhole 
25 limpet hemocyanin. Antiserum B5 (Dr. Morley Hollenberg, University of Calgary) was raised to rat 
PAR-2: ^GPNSKGR 0 SLIGRLDT 46 ? - YGGC (0 trypsin cleavage site, YGGC for conjugation). 
Antiserum PAR-2-C was raised to human PAR-2: 0 ? 7 SLIGKVDQTSHVTGKG 53 V, and antiserum 
PAR-2-N was raised to human PAR-2: M GTNRSSKGRSL 39 I 0 (Dr. C, Derian, R.W. Johnson 
Pharmaceutical Research Institute). . . . . . . .. 

30 : * . • ' v . . i ■■ 

' " j ■ '■ -• : Example 2 ■ . « • • 

Detection of PAR-2 by RT-PCR and Southern Blotting . ... ; 
Total RNA was reverse transcribed and amplified using the Gene Amp. RN A PGR kit (Perkin 
Elmer, Foster City, CA, USA). Oligonucleotide primers to rat PAR-2 (sense, 
35 5 A AGTCTC AGCCTGGCGTGGC-3 ' , +6 to +25; antisense, 5'-ACGACGAGCAGCACGTTGCT-3\ 
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+ 926 to +907) were chosen to bridge the intron of PAR-2, and to amplify a 921 bp fragment. The 
PCR amplification used 1.5 fig RN A according to the manufacturer's directions. PCR products were 
separated on a 1 % agarose gel, transferred to a nylon membrane, cross-linked and analyzed by Southern 
blotting using a probe labeled with digoxigenin-1 1 -dUTP according to the manufacturer's directions 
5 (Boehringer Mannheim, Mannheim, Germany). A 162 bp digoxigehin-labeled probe was generated by 

- PCR using a vector containing a rat PAR-2 fragment as a template (from Dr. Morley Hollenberg) and 
oligonucleotide primers to rat PAR-2 (sense, 5 '-TGCTGGGAGGT ATCAGCCTT-3 * , +26, to +45; 
antisense - 5 '-C ATCA ACGG A A A AGCCTGGT-3 ' , +187 to +168). The probe was purified using 
Chroma Spin X-100 columns (Clontech, Palo Alto, C A). Membranes were pre-hybridized in 5x SSPE, 

10 lOx Denhardt's, 50% deionized formamide, 100 mg/ml salmon sperm DNA and 2% SDS for 3 h at 
42°C, and hybridized with probe overnight at 42 °C. They were washed 40. min at room temperature 
in 2x SSC with 0.05% SDS and 20 min at 55°C in O.lx SSC with 0.1% SDS. Membranes were 
incubated with anti-digoxigenin antibody; coupled to alkaline phosphatase (Boehringer Mannheim) and 

■ developed with BCIP/NBT substrate., v , - . . . . 

15 - ■ ' ■ 3 I - ' • : . • • 

Example 3 

; v v : :: - / .: Ca ?4 Mobilization .. . .. . • 

Myocytes were incubated in physiological salt solution (PSS) with 2.5 /xM Fura-2/AM for 20 
min at 37°C. Fluorescence was measured in individual cells using an ICCD video camera (Stanford 
20 Photonics, Stanford, CA) and a video microscopy acquisition program (Axon Industries, Foster City, 
- C A.) .-Fluorescence was measured at 340 and 380 nm excitation and 510 nm emission. The ratio of the 
fluorescence at the two excitation wavelengths, which is proportional to the [C? 2+ ]j, was calculated. 
Fresh cells were studied with each agonist and a minimum of 10 cells analyzed in 2-4 experiments on 
different days. . ■. " > '/ r - - - 

: 25 >■ ' * - - :< " . • ' . ■-■ • ' > • - . . ; . \ 

-; v « • / r •.*;*■ '■ Example 4 ( " .■ \ \ 

». .' \ .'. \ Contraction of Muscle Strips - - 

Strips (1 cm long) of ras proximal colon were suspended in an organ bath containing 3 ml of 
Krebs-Ringer-Bicarbonate gassed with 95% 0 2 /5% C0 2 at 37 °C. Isometric contractions were recorded 
30 and analyzed using AcqKnowledge 3.1 (BioPac, Santa Barbara, CA). A basal tension of 1 g was applied 
to achieve maximal reproducible spontaneous activity. Tissues were equilibrated for 1 h. The mean 
amplitude of contraction was determined for 5 min.before and after administration of agonists. Data are 
representative of experiments with at least 4 colon strips from at least ,3 different animals. 

35 < ♦ Example 5 • 
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Degranulation of Mast Cells 
HMC-1 human mast cells (300 /xl of 7 X 10 6 /ml in PSS containing; 25 /xg/ml heparin) were 
incubated with 100 /xM substance P for 5 min at room temperature to induce degranulation. The 
♦suspension was filtered and assayed for stimulation of Ca 2+ mobilization We have previously 
5 demonstrated that release of active tryptase is maximal under these conditions. • . 

Example 6 l - * • 
PAR-2 Constructs and Cell Lines : - 

Signaling was assessed in KNRK cells stably expressing human PAR-2 (Bohm, 1996a, 1996b). 
10 Cleavage was examined in KNRK cells stably expressing human PAR-2 with a POMC signai/peptide 
immediately followed by a Flag epitope (DYKDDDDK) N-terminal to the trypsin cleavage site, and a 
12CA5 hemagglutinin epitope (YPYDVPDYA) at the C-termirius (Bohm, 1996b). This construct would 
be expressed at the cell-surface with an N-terminal Flag sequence, so that loss of surface Flag 
immunoreactivhy could be* used to determine fates of cleavage. Studies conducted in support of the 
15 invention have shown that the 5 epitope-labeled receptors' are appropriately localized to the plasma 
membrane and signal normally (Bohm, 1996b). KNRK cells were stably transfected with human PAR-2 
in pcDNA3 by lipofection. Clonal cell lines were selected and maintained as described (Bohm, 199ba, 
1996b). Non-transfected KNRK cells were used for controls. 

20 Example 7 

Ca 2 + Mobilization Assay 
KNRK cells were plated 24-48 h before experiments on poly- D-ly sine coated glass coverslips. 
They were washed in PSS containing 0.1% BSA, and incubated with 2.5 fiM Fura-2/AM and 0.2% 
pleuronic for 20 min at 37 °C (Bohm, 1996a). [Ca 2+ ]j was measured in individual cells in experiments 

25 with proteases due to the high sensitivity and small assay volume. Coverslips were mounted in a 
micro-incubator in 1 ml PSS at 37 °C, and observed using a Zeiss Axiovert 100 microscope with a 40x 
Fluar objective, a Lambda 10-2 optical filter changer, and a mercury/xenon lamp. Images were captured 
using an ICCD video camera (Stanford Photonics, Stanford, CA) and a video microscopy acquisition 
program (Axon Industries, Foster City, CA.). [Ca 2+ ]j was measured in populations of cells in a 

30 spectrofluorimeter (Hitachi Instruments, F-2000) in experiments with tethered ligand peptides. 
Fluorescence was measured at 340 and 380 nm excitation and 510 nm emission. The ratio of the 
fluorescence at the two excitation wavelengths, which is proportional to the [Ca 2+ ]j, was calculated. 

Example 8 

35 Treatment of Ileus by Inhibition of 
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Mast-Cell Degranulation 

if . The aim of this study was to demonstrate that inhibition of mast-cell degranulation is effective 
in treating surgically induced ileus. 

... GI transit v/as measured in fed mice by oral gavage pf 0.3 ml carmine red in methylcellulose. 
Whole GI transit time was defined as the appearance of the first red fecal pellet. Upper GI transit time 
was defined as the appearance as the percentage of the distance traveled along the small intestine by the 
marker in 30 minutes. Cecal manipulation for 5 minutes or skin incision alone was performed under 
halothane anesthesia and the marker administered 1 hour after surgery. 

* Treatment of surgically induced ileus was by oral administration of ketotifen, at a dose of 1 
mg/kg orally 30 minutes prior to anesthesia. The results, are shown in Fig. 3. As seen, ketotifen had 
little effect on the transit time in unoperated animals, but partially reversed inhibition of GI transit 
produced by abdominal surgery. ;Skin incision alone had little effect; on transit time. , 

• ; v Although the method has been described with respect to specific embodiments and compounds, 
it will be appreciated that various modification may be made within the scope of the claimed invention. 
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IT IS CLAIMED : 

1. A method of treating or preventing post-operative ileus in a mammalian subject, 
comprising 

5 administering to the subject, a pharmaceutically effective amount of a compound that is effective 

in one of the following: 

(i) preventing mast cell degranulation, . > . *• , 

(ii) inhibiting tryptase or chymase, and : > * ; 

(iii) antagonizing PAR-2.; • .\ . 
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2. The method of claim 1, wherein the compound administered is effective in preventing mast 
cell degranulation, and the compound is selected from the group consisting of cromolyn, doxoantrazole, 
quercetin, tranilast, ketotifen, tiacrilast, azelastine, lodoxamide, mepyramine, picumast, and water- 
soluble constituents of the Ginkgo biloba episperm. - ■ 4 - 

■■ 3. The method of elaim-2, wherein the compound administered is cromolyn. 



■ 4. The method of claim: 1, wherein the compound administered is effective in inhibiting 
tryptase, and the compound* is selected from the group: consisting of leech-derived tryptase inhibitor, 
20 APC-366, and BABIM and related amidines, TLCK, and GMCHA-OPhBut. . , :• 

5. The method of claim 1, wherein the compound administered is effective in inhibiting 
chymase, and the compound is selected from the group consisting of chymostatin, a-l-antichymotrypsin, 
and chymostatin analogs . : , >• : ■ 

25 

6. The method of claim 1, wherein the compound is one capable of inhibiting the mobilization 
of Ca +2 in cells transfected with the PAR-2 gene, when such cells are stimulated by trypsin or activating 
peptide (SLIGRL-NH^. 

30 7. The method of claim 1, wherein the compound is a polypeptide, and said administering 

includes orally administering a DNA construct capable of transfecting colonic cells, and expressing in 
the cells, a polypeptide capable of (i) preventing mast cell degranulation, (ii) inhibiting tryptase or 
chymase, and (iii) antagonizing PAR-2. 
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8. The method of claim of claim 7, wherein the polypeptide is selected from the group 

consisting of leech-derived tryptase inhibitor, chymostatin, chymostatin analogs, and a-l- 
antichymotrypsin. 

5 9. The method of claim- 1, wherein the compound is administered orally. 

10. The method of claim 9, wherein the compound is selected from the group consisting of 
cromolyn, doxoantrazole, quercetin, tranilast, ketotifen, tiacrilast, azelastine, lodoxarnide, mepyramine, 
picumast, water-soluble constituents of the Ginkgo biloba episperm, APC-366, BABIM and related 
10 amidines, TLCK, and GMCH A-OPhBut 

4 11/ The method of claim I, wherein the compound is administered intraperitoneally. . 

12. The method of claim 1, wherein the compound is administered intravenously. 

15 

13: A method of identifying a compound candidates for use in treating post-operative ileus, 
comprising 

screening compounds for their. ability to inhibit the mobilization of Ca* 2 in cells transfected with 
the PAR-2 gene, when the cells are stimulated by trypsin or activating peptide (SLTGRL-NH 2 ), and 
20 selecting the compound as a candidate for such treatment if significant inhibition of Ca +2 

mobilization in the cells, when compared with activated cells in the absence of the compound, is 
observed. ■ i : 

14. The method of claim 13, wherein the transfected cells are KNRK cells. 
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